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DESCRIPTION 



ANTENNA 



Technical Field 

The present invention relates to antennas for use in radio communication 
apparatuses such as a portable telephone, PDA and wireless LAN and, more 
particularly, to a film antenna. 

Background Art 

Recently, radio communication apparatuses such as a portable telephone, PDA 
(Personal Digital Assistants) and wireless LAN are daily employed. Since the radio 
communication apparatuses are designed on a premise that these are carried by users 
at all times, these apparatuses tend to be miniaturized and formed in a thin structure. 
With such a tendency, component parts, to be installed in the radio communication 
apparatuses, have similar tendencies. 

In recent radio communication, there are increasing cases where a plurality of 
frequency bands are utilized. For example, the wireless LAN utilizes wavelengths in 
2.4GHz and 5GHz bands. For this reason, the antennas for use in the radio 
communication apparatuses are required to be usable at a plurality of separate 
frequency bands. 

A notebook-sized PC and a portable telephone use an inverted-F antenna, a 
dielectric antenna or a substrate antenna as built-in antenna. These antennas have 
features such as omnidirections and high-gains. 

However, due to limited conditions in structure, it is hard to minimize the 
antenna in size and, especially, to form the antenna in a thin structure. When the 



antenna is installed in the notebook-sized PC, the antenna must be disposed in a 
limited area, such as a position near a hinge or a frame portion of an LCD (Liquid 
Crystal Display) because many of the component parts are densely located inside the 
notebook-sized PC. 

Further, the inverted-F antenna of the related art has inherent problems listed 
below. 

As one of the inverted-F antennas of the related art, an antenna which is 
disclosed in Japanese Patent Provisional Publication No. 2000-68737 has been known. 
The inverted-F antenna 100 is formed by folding a metallic plate 102 into a 
substantially U-shaped configuration as shown in FIG. 1. The inverted-F antenna 
100 is available to be placed in a narrow space and can be manufactured in a low 
conducting loss and low cost. An inner conductor 132 of a coaxial cable 130 is 
electrically connected to a radiating portion 102a of the metallic plate 102. An outer 
conductor 134 of the coaxial cable 130 is electrically connected to a ground portion 
102b of the metallic plate 102. 

In order to operate the inverted-F antenna 100 in a plurality of frequency bands, 
an antenna 110 in which the inverted-F antenna 100 is provided with a parasitic circuit 
body 104 as shown in FIG 2 has been known. The antenna 110 comprises the 
metallic plate 102, the parasitic circuit body 104 and a spacer 106. The parasitic 
circuit body 104 is disposed on an upper surface of the spacer 106. The spacer 106 is 
made of dielectric material (non-conductor) and inserted between the radiating portion 
102a and the ground portion 102b. Under such a structure, if the inner conductor 
132 of the coaxial cable 130 is electrically connected to the radiating portion 102a and 
the outer conductor 134 of the coaxial cable 130 is electrically connected to the 
ground portion 102b, the radiating portion 102a and the parasitic circuit body 104 
generate a first resonant frequency and a second resonant frequency, respectively. 



When the spacer 106 is disposed on the metallic plate 102, it is generally hard to 
precisely match a distance between the metallic plate 102 and the spacer 106 to a 
given length. For this reason, the distance between the radiating portion 102a and 
the parasitic circuit body 104 can not be accurately adjusted into a given length. As 
a result, the antenna 110 can not obtain accurate resonant frequencies because 
electrical capacitance between the radiating portion 102a and the parasitic circuit body 
104 deviates from a given value. In a case where the resonant frequency generated 
by the antenna 110 increases, this problem becomes more serious. 

An antenna 120 is a modified form of the antenna 110. As shown in FIG 3, 
the antenna 120 has the same structure as the antenna 110 except for a shape in which 
a spacer 122 is different from the spacer 106. The antenna 120 is smaller than the 
antenna 110 because the spacer 122 is entirely accommodated in a space between the 
radiating portion 102a and the ground portion 102b of the metallic plate 102. 
However, the antenna 120 can not obtain accurate resonant frequencies because it is 
difficult to precisely match the distance between the radiating portion 102a and the 
parasitic circuit body 104 to a given length. 

Also, the above problems arise in a case where a plurality of parasitic circuit 
bodies are provided to generate a plurality of resonant frequencies. 

Disclosure of Invention 

The present invention has been completed with the above view in mind and has 
an object to provide an antenna capable of being placed in a narrow space and of 
easily obtaining a plurality of accurate resonant frequencies each which belongs to a 
separate frequency band. 

To achieve the above object, the present invention provides an antenna 
comprising: a thin plate-like base member made of dielectric material; a ground 



conductor formed of a thin-film shaped and rectangular conductor and disposed on the 
base member; a first antenna element formed of a thin-film shaped and L-shaped 
conductor, having one end connected to one end of the ground conductor and disposed 
on the base member; and a second antenna element formed of a thin-film shaped and 
rectangular conductor and disposed on the base member without being directly 
connected to the ground conductor and the first antenna element. 

According to the present invention, the antenna can be placed in a narrow space 
because the film-like antenna can be manufactured by forming the ground conductor, 
the first antenna element and the second antenna element on the base member. If an 
inner conductor, an outer conductor and a sheath of a coaxial cable are connected to 
the first antenna element, the ground antenna element and the second antenna element, 
respectively, and then alternating-current electricity flows into the coaxial cable, a first 
resonant frequency and a second resonant frequency are generated on the first antenna 
element and the second antenna element, respectively. Therefore, the antenna of the 
present invention has a capability of easily obtaining two resonant frequencies each 
belonging to a separate frequency band. 

To achieve the above object, the present invention provides an antenna 
comprising: a thin plate-like base member made of dielectric material; a first antenna 
element formed of a thin-film shaped conductor and disposed on the base member so 
as to form a slit portion opening at a part thereof; a second antenna element formed of 
a thin-film and strip shaped conductor and disposed in the slit portion; and an 
impedance adjustment element formed of a thin-film and strip shaped conductor and 
disposed between one side of the first antenna element and the second antenna 
element in the slit portion. 

According to the present invention, the antenna can be placed in a narrow space 
because the film-like antenna can be manufactured by forming the first antenna 



element, the second antenna element and the impedance adjustment element on the 
base member. If an inner conductor, an outer conductor and a covering material of a 
coaxial cable are connected to a part of the first antenna element, a part of the second 
antenna element and the impedance adjustment element, respectively, and then 
alternating-current electricity flows into the coaxial cable after impedance is adjusted 
by means of the impedance adjustment element, a first resonant frequency and a 
second resonant frequency are generated on the first antenna element and the second 
antenna element, respectively. Therefore, the antenna of the present invention has a 
capability of easily obtaining two resonant frequencies each belonging to a separate 
frequency band. 

To achieve the above object, the present invention provides an antenna 
comprising: a thin plate-like base member made of dielectric material; a first antenna 
element formed of a thin-film shaped conductor and disposed on the base member so 
as to form a slit portion opening at a part thereof; and a second antenna element 
formed of a thin-film and strip shaped conductor and disposed in the slit portion. 

According to the present invention, the antenna can be placed in a narrow space 
because the film-like antenna can be manufactured by forming the first antenna 
element and the second antenna element on the base member. If an inner conductor, 
an outer conductor and a sheath of a coaxial cable are connected to one part of the first 
antenna element, the second antenna element and another part of the first antenna 
element, respectively, and then alternating-current electricity flows into the coaxial 
cable, a first resonant frequency and a second resonant frequency are generated on the 
first antenna element and the second antenna element, respectively. Therefore, the 
antenna of the present invention has a capability of easily obtaining two resonant 
frequencies each belonging to a separate frequency band. 



Brief Description of Drawings 

FIG 1 is a perspective view showing a schematic structure of an inverted-F 
antenna of the related art. 

FIG 2 is a perspective view showing a schematic structure of the inverted-F 
antenna of the related art in which a parasitic circuit body is provided. 

FIG 3 is a perspective view showing another schematic structure of the 
inverted-F antenna of the related art in which a parasitic circuit body is provided. 

FIG 4 is a plan view of a two-resonance antenna according to a first 
embodiment of the present invention. 

FIG 5 is a cross sectional view of a coaxial cable according to the first 
embodiment of the present invention. 

FIG 6 is a view illustrating a VSWR characteristic of the two-resonance 
antenna according to the first embodiment of the present invention. 

FIG 7 A is a view illustrating a radiating characteristic of the two-resonance 
antenna according to the first embodiment of the present invention. 

FIG 7B is a view illustrating a rotative direction of the two-resonance antenna 
according to the first embodiment in FIG 7A. 

FIG 8 is a schematic illustrative view of the two-resonance antenna according 
to the first embodiment of the present invention mounted on an LCD section of a 
notebook-sized PC. 

FIG 9 is a perspective view of the two-resonance antenna according to the first 
embodiment of the present invention in a folded status. 

FIG 10 is a perspective view of the two-resonance antenna shown in FIG. 9 
mounted on a corner area of a case of the notebook-sized PC. 

FIG. 11 is a perspective view of the two-resonance antenna according to the first 
embodiment of the present invention applied to a support member. 



FIG 12A is a view illustrating a first modified form of the two-resonance 
antenna according to the first embodiment of the present invention. 

FIG 12B is a view illustrating a second modified form of the two-resonance 
antenna according to the first embodiment of the present invention. 

FIG 12C is a view illustrating a third modified form of the two-resonance 
antenna according to the first embodiment of the present invention. 

FIG 13 is a plan view of a two-resonance antenna according to a second 
embodiment of the present invention. 

FIG 14 is a view illustrating actual sized of antenna elements used in the 
two-resonance antenna according to the second embodiment of the present invention. 

FIG 15 is a view illustrating a VSWR characteristic of the two-resonance 
antenna according to the second embodiment of the present invention. 

FIG 16A is a view illustrating a radiating characteristic of the two-resonance 
antenna according to the second embodiment of the present invention. 

FIG 16B is a view illustrating a rotative direction of the two-resonance antenna 
according to the second embodiment in FIG 16A. 

FIG 17 is a schematic illustrative view of the two-resonance antenna according 
to the second embodiment of the present invention mounted on an LCD section of a 
notebook-sized PC. 

FIG 18 is a perspective view of the two-resonance antenna according to the 
second embodiment of the present invention mounted on a corner area of a case of the 
notebook-sized PC. 

FIG 19 is a perspective view of the two-resonance antenna according to the 
second embodiment of the present invention applied to a support member. 

FIG 20 is a modified form of the two-resonance antenna according to the 
second embodiment of the present invention. 
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FIG 21 is a plan view of a two-resonance antenna of a third embodiment 
according to the present invention. 

FIG 22 is a view illustrating a VSWR characteristic of the two-resonance 
antenna according to the third embodiment of the present invention. 

FIG 23A is a view illustrating a radiating characteristic of the two-resonance 
antenna according to the third embodiment of the present invention. 

FIG 23B is a view illustrating a rotative direction of the two-resonance antenna 
according to the third embodiment in FIG 19 A. 

FIG 24 is a plan view of a two-resonance antenna according to a fourth 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, with reference to FIGS. 4 to 24, first to fourth embodiments 
according to antenna of the present invention are described. 
(First Embodiment) 

FIG 4 is a plan view of a two-resonance antenna 1. In the present embodiment, 
a major axis and a minor axis of a base member 3 are assigned to an X-axis and a 
Y-axis, respectively, and the X-axis and Y-axis perpendicularly cross each other. 

The two-resonance antenna 1 is a monopole antenna formed in a film shape and 
comprises a base member 3, a ground conductor 5, a first antenna element 7 and a 
second antenna element 9. The base member 3 is formed of a rectangular thin plate 
with flexibility and is made of dielectric material such as resin of a polyamide system. 
The ground conductor 5, the first antenna element 7 and the second antenna element 9 
are formed on a surface of the base member 3. The ground conductor 5, the first 
antenna element 7 and the second antenna element 9 take the forms of conductors 
each which is formed in a thin film shape and is made of metal such as beaten-copper. 



The ground conductor 5 is formed along the X-axis and serves as a rectangular 
grand surface in the monopole antenna. In order to generate electric images of the 
first antenna element 7 and the second antenna element 9 on the ground conductor 5, 
the ground conductor 5 has a larger surface area than those of the first antenna element 
7 and the second antenna element 9. 

The first antenna element 7 is formed in an L-shaped configuration with two 
combined rectangular conductors (including a short-circuited portion 7A and a 
radiating portion 7B). The short-circuited portion 7A of the first antenna element 7 
is connected to one end 5 A of the ground conductor 5. The radiating portion 7B of 
the first antenna element 7 is shorter than the ground conductor 5 and is disposed in 
parallel to the ground conductor 5. With such a layout, a slit portion 6 having an 
open at one end thereof is formed on the base member 3. 

Although the first antenna element 7 of the present embodiment has the layout 
in which the short-circuited portion 7A is perpendicularly contiguous with the 
radiating portion 7B, the present invention is not limited to such a layout and may take 
a contiguous configuration in an obtuse angle or an acute angle. Also, although the 
first antenna element 7 of the present embodiment has the layout in which a side wall 
of the short-circuited portion 7A is formed in a straight-line configuration, the present 
invention is not limited to such a layout and may take a configuration formed in a 
circular arc. When the side wall of the short-circuited portion 7A is formed in the 
circular arc configuration, the ground conductor 5 and the first antenna element 7 form 
a conductor in a substantially U-shaped configuration on the base member 3. 

The second antenna element 9 is formed in a rectangular shape. The second 
antenna element 9 is disposed in the slit portion 6 so as to lie in parallel to the ground 
conductor 5 and the radiating portion 7B of the first antenna portion 7. The second 
antenna 9 is shorter than the ground conductor 5 and the radiating portion 7B of the 
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first antenna portion 7. 

FIG 5 is a cross sectional view of a coaxial cable 11. The coaxial cable 11 
comprises a center conductor 13, a covering material 15, an outer conductor 17 and a 
sheath 18. The center conductor 13 is covered with the covering material 15. The 
outer conductor 17 is disposed around an outer periphery of the covering material 15 
and is covered with the sheath 18 which is made of insulation material (dielectric 
material). The sheath 18 serves to protect the outer conductor 17 and isolate the 
outer conductor 17 from an outside of the coaxial cable 11. 

As shown in FIG 4, a first connecting portion 7C is formed on a part of the 
radiating portion 7B of the first antenna portion 7 in order to electrically connect the 
first antenna element 7 to the center conductor 13 of the coaxial cable 11 by 
direct-current electricity. A contact portion 9A is formed on a part of the second 
antenna portion 9 in order to electrically connect the second antenna element 9 to the 
outer conductor 17 of the coaxial cable 11 by alternating-current electricity via the 
sheath 18 of the coaxial cable 11. A second connecting portion 5B is formed on a 
part of the ground conductor 5 in order to electrically connect the ground conductor 5 
to the outer conductor 17 of the coaxial cable 11 by direct-current electricity. The 
first connecting portion 7C, the second connecting portion 5B and the contact portion 
9A are located on a straight line along the Y-axis. 

The center conductor 13 exposed at a terminal portion of the coaxial cable 11 is 
connected to the first connecting portion 7C by soldering. Removing the sheath 18 
by a given length in a longitudinal direction of the coaxial cable 11 allows the outer 
conductor 17, exposed on the coaxial cable 11, to be connected to the second 
connecting portion 5B by soldering. The outer conductor 17 covered with the sheath 
18 is fixed to the contact portion 9A by contact or an adhesive. Since the outer 
conductor 17 is not directly connect to the second antenna element 9, no electric 



11 



current flows between the second antenna element 9 and the outer conductor 17 even 
when applied with direct-current electricity. With such a structure, there is no need 
to separately provide a particular member for avoiding the second antenna element 9 
and the outer conductor 17 from directly contacting each other, resulting in the 
5 two-resonance antenna 1 with a simplified structure. 

The second antenna element 9 is isolated from the center conductor 13 of the 
coaxial cable 11, the outer conductor 17 of the coaxial cable 11, the first antenna 
element 7 and the ground conductor 5. However, the second antenna element 9 is 
capacitively coupled with the ground conductor 5 and the first antenna element 7 

10 through the base member 3 made of dielectric material. Further, the second antenna 

element 9 is capacitively coupled with the outer conductor 17 of the coaxial cable 11 
via the sheath 18. This arrangement is equivalent to an arrangement in which the 
second antenna element 9 is connected to the ground conductor 5, the first antenna 
element 7 and the outer conductor 17 via a capacitor. Accordingly, if 

15 alternating-current electricity is applied to the center conductor 13 of the coaxial cable 

11, electric current flows between the ground conductor 5 and the second antenna 
element 9, between the first antenna element 7 and the second antenna element 9 and 
between the second antenna element 9 and the outer conductor 17. Here, it is noted 
that electric current flowing between the ground conductor 5 and the second antenna 

20 element 9 almost never contributes to resonance of the second antenna element 9. 

In order to adjust electrical capacitance between the contact portion 9A and the 
outer conductor 17, a film-shaped dielectric member may be disposed between the 
sheath 18 and the contact portion 9A. This dielectric member allows a resonant 
frequency, which would be generated on the second antenna element 9, to be easily 

25 adjusted. 

Next, a resonance principle of the two-resonance antenna 1 is described below. 
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First resonance of the two-resonance antenna 1 is generated by electric current 
distributed on the first antenna element 7. Namely, this resonance is generated by a 
first inverted-F antenna formed of the first antenna element 7. A resonance principle 
of the first inverted-F antenna is the same as that of a A /4 monopole antenna. A 
5 length of the first antenna element 7 is about one fourth of the wavelength of the first 

inverted-F antenna. Impedance matching which causes the first inverted-F antenna 
to generate the resonant frequency is carried out by changing a connecting position of 
the center conductor 13 of the coaxial cable 11. 

Second resonance of the two-resonance antenna 1 is generated by electric 

10 current distributed on the second antenna element 9 and outer conductor 17 of the 

coaxial cable 11. Namely, this resonance is generated by a second inverted-F 
antenna formed of the second antenna element 9 and the outer conductor 17. A 
resonance principle of the second inverted-F antenna is the same as that of a A/2 
antenna. If alternating-current electricity is supplied from the center conductor 13 of 

15 the coaxial cable 11 to the first antenna element 7, first electric current flows on the 

second antenna element 9 because the first antenna element 7 is capacitively coupled 
with the second antenna element 9. The first electric current is distributed on the 
second antenna element 9. Second electric current flows on the outer conductor 17 
because the second antenna element 9 is capacitively coupled with the outer conductor 

20 17. The second electric current flows to a GND surface of the ground conductor 5 

through the second connecting portion 5B. A total length given by adding a length of 
the second antenna element 9 to a length between the contact portion 9 A and the 
second connecting portion 5B in the outer conductor 17 is about one second of the 
wavelength of the second inverted-F antenna. Impedance matching which causes the 

25 second inverted-F antenna to generate the resonant frequency is carried out by 

changing a thickness of the sheath 18 intervening between the second antenna element 
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, and the outer — 17. — , in the second inveried-F antenna, ,, ,s 
taportMlt no, ,o elecuicaH, comae, the second an.enna e.emen, 9 ,o .he outer 
conductor 17 by means of the insulation layer such as the sheath 18. 

T* two-resonance an.enna 1 has , VSWR characteristic shown in FIG 6 and a 

radiating characteristic shown in FIG 7 A. 

T* VSWR (Voltage Standing Wave Ratio) is described be.ow in detail In a 
sBl e „ f connecring an electric power supply hue to the anrenna, when 
^ g-curren, Cectricity Hows in the Cecrric power supply Hue, electric current 

by .bc efccuic current is temted a progressive wave. . mere is a difference between 
. cha— itnpedance of the e.ectric power suppiy line and a chamCerisdc 

CO* to return to a —ion side. Voitage vibration generated on the electrtc 

power ,„ss occurs a. the point where the electric power supply H»e is connected to the 
an ,enna. Therefore, the characteristic impedance of me e.ectric power supply bne 
ano me characteristic impedance of .he antenna are mutual,, adjusted so as ,0 have the 

♦ ™ nf reflected wave as less as possible. If there 
same values to suppress a generate of reflected wa 

..a the reflected wave on the electric power supply line, two 
are the progressive wave and the retlectea wav 

W aves are synthesized to form a standing wave. A ratio between the maximum 
amplitude and the minimum amplitude of the standing wave is termed VSWR. The 

i c rn* .reflected power) R are respectively defined by Eqs. (2) 
VSWR and a power loss rate (retlectea puwci, 

and (3) by using a reflection coefficient | T | defined by Bq. (D- 
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r = (Zi - zo) / (zi + zo) • • • • (i) 
vswr = (i + |r|) / • * • -(2) 
r = |r| 2 x ioo (3) 

where Zi is the characteristic impedance of a line (electric power supply line), and ZO 
is the characteristic impedance of a load (antenna). 

For example, if the coaxial cable 11 with 50 Q resistor is connected to a dipole 
antenna with 75 Q resistor, I T I = 0.2, VSWR = 1.5 and R = 4 are derived from the 
above Eqs. Accordingly, electric power is reflected at a rate of 4% from an electric 
power supply point of an antenna. 

If the characteristic impedance of the electric power supply line and the 
characteristic impedance of the antenna have the same values, the reflection 
coefficient and the VSWR have the values of 0 and 1, respectively. In this case, the 
reflection loss of the electric power does not occur at the electric power supply point 
because the electric power reflection has the value of 0. From Eqs. (2) and (3), if the 
value of the VSWR becomes larger, the reflection loss of the electric power becomes 
larger at the electric power supply point. From the reasons discussed above, in 
fabrication of the antenna, the characteristic impedance of the electric power supply 
line and the characteristic impedance of the antenna are adjusted such that the VSWR 
has the value of 1 as close as possible. 

In FIG. 6, there are two band widths appearing at two regions with a frequency 
in which the VSWR has a value less than "2". One of these regions lies in a value 
ranging from 2.2GHz to 2.9GHz. The other of these regions lies in a value ranging 
from 5.1GHz to 5.2GHz. Accordingly, the band widths correspond to a range of 
approximately 700MHz at 2GHz band and to a range of approximately 100MHz at 
5GHz band. 
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Next, the radiating characteristic is described below in detail. The electric 
power supplied from the electric power supply line is lost in the form of heat which is 
generated by the material forming the antenna before the electric wave is radiated. 
Also, depending on the shape of the antenna, a radiating pattern of the antenna varies. 
Therefore, in order to understand a performance of the antenna, the electric power loss 
(a gain availability) and the radiating pattern (a directivity) of the antenna are grasped 
by researching gains of the antenna in an omnidirectional range while the antenna is 
rotated as shown in FIG 7B. 

As shown in FIG 7A, in 2GHz and 5GHz bands, vertical polarized waves 
forming main polarized waves have shapes nearly equal to circular configurations and 
have high-gain availabilities. Accordingly, the two-resonance antenna 1 has 
omnidirection and high-gain availability that are desired characteristics of the antenna. 
The two-resonance antenna 1 has advantageous features listed below. 
The first resonant frequency and the second resonant frequency can be freely set 
to arbitrary values, respectively, because the first antenna element 7 on which the first 
resonant frequency is generated and the second antenna element 9 on which the 
second resonant frequency is generated are disposed to be independent from each 
other. For example, both resonant frequencies can be adjusted such that a difference 
between the first resonant frequency and the second resonant frequency increases. 

Impedance adjustment between the two-resonance antenna 1 and the coaxial 
cable 11 can be easily performed because the first connecting portion 7C, the second 
connecting portion 5B and the contact portion 9A can be set to respective positions 
independent from one another. 

The coaxial cable 11 can be easily fixed to the two-resonance antenna 1 because 
the first connecting portion 7C, the second connecting portion 5B and the contact 
portion 9A are disposed on the surface of the base member 3. In addition, the coaxial 
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cable 11 can be easily fixed to the two-resonance antenna 1 without bending because 
the first connecting portion 7C, the second connecting portion 5B and the contact 
portion 9A are linearly located. 

The antenna can be realized in a miniaturized and thin structure because the 
two-resonance antenna 1 is fabricated by combining the L-shaped first antenna 
element 7 and the rectangular ground conductor 5, forming the slit portion 6 which 
opens at one end thereof, and locating the rectangular second antenna element 9 in the 
slit portion 6. 

Electrical capacitances between the second antenna element 9 and the first 
antenna element 7 and between the second antenna element 9 and the ground 
conductor 5 can be easily ensured such that they have respective large values because 
the second antenna element 9 is formed in an elongated state in substantially parallel 
to and along the first antenna element 7 and the ground conductor 5 and is formed 
inside the first antenna element 7 and the ground conductor 5. 

Noises occurring in the two-resonance antenna 1 are absorbed by the outer 
conductor 17 because the coaxial cable 11 in which the outer conductor 17 is disposed 
around the center conductor 13 is employed as the electric power supply line for the 
antenna. Accordingly, the two-resonance antenna 1 is hard to suffer from an adverse 
affect caused by the noises. 

A simplification in an antenna structure and reduction in manufacturing cost can 
be realized because the two-resonance antenna 1 is manufactured by forming the first 
antenna element 7 and the second antenna element 9 in thin film metallic elements on 
the surface of the base member 3 made of the dielectric material of the polyamide 
system. 

As one of manufacturing methods of the two-resonance antenna 1, the 
two-resonance antenna 1 may be manufactured by means of an etching technique by 
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using CCL and a screen printing technique. According to this method, a shape of the 
ground conductor 5, a shape of the first antenna element 7, a shape of the second 
antenna element 9, a relative position between the ground conductor 5 and the second 
antenna element 9, and a relative position between the first antenna element 7 and the 
second antenna element 9 can be precisely fixed on the base member 3 because the 
ground conductor 5, the first antenna element 7 and the second antenna element 9 are 
formed on the base member 3 in a single step. Consequently, electrical capacitances 
between the ground conductor 5 and the second antenna element 9 and between the 
first antenna element 7 and the second antenna element 9 can be maintained in 
respective accurate values, and it is possible to perform mass production of the 
two-resonance antenna 1 within a short period of time. Also, reduction in a 
pre-investment and flexibility in shape of the antenna can be realized because no 
metal mold is required for manufacturing the two-resonance antenna 1. 

Next, a method for installing the two-resonance antenna 1, as an antenna for a 
wireless LAN compatible with two-frequencies, on a notebook-sized PC 19 is 
described below. 

As shown in FIG 8, when the two-resonance antenna 1 is mounted on an LCD 
section 20 of the notebook-sized PC 19, a portion of the base member 3 of the 
two-resonance antenna 1 is superposed on a rear wall of an LCD panel 23, and the 
two-resonance antenna 1 is fixedly secured to a frame portion of the LCD section 20 
through an two-sided tape. In general, in order to form the notebook-sized PC 19 in 
a thin structure, the LCD section 20 is designed to be extremely thin. Since a 
thickness of the two-resonance antenna 1 is extremely thin in the order of 
approximatelylOO H m, there is not a problem that the thickness of the LCD section 20 
increases by placement of the two-resonance antenna 1. 

As shown in FIG 10, in a case where the two-resonance antenna 1 is mounted 
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on a corner area of a casing 21 of the notebook-sized PC 19, the two-resonance 
antenna 1 is folded and then secured to the corner area of the casing 21 of the 
notebook-sized PC 19 through a two-sided tape. Since the two-resonance antenna 1 
is a basal plate composed of the base member 3 which is thin and has flexibility, the 
antenna can be folded. In particular, as shown in FIG 9, the base member 3 is 
divided into a vertical section 25 and a horizontal section 27 with respect to a line 
segment L, and the vertical section 25 vertically extends in a direction along the 
+Z-axis with respect to the horizontal section 27. The vertical section 25 includes 
one part of the short-circuited portion 7A of the first antenna element 7, the radiating 
portion 7B of the first antenna element 7 and the second antenna element 9. The 
horizontal section 27 includes the other part of the short-circuited portion 7A of the 
first antenna element 7 and the ground conductor 5. With such a structure, the 
two-resonance antenna 1 can be located at the corner area of the casing 21 of the 
notebook-sized PC 19. 

Next, a method for applying the two-resonance antenna 1 to a support member 
33, as a two-resonance antenna device, is described. 

FIG 11 is a perspective view of the two-resonance antenna device 31. Also, in 
the present embodiment, a longitudinal direction, a lateral direction and a vertical 
direction of the support member 33 are assigned to an X-axis, a Y-axis and a Z-axis, 
respectively, and the X-axis, the Y-axis and the Z-axis perpendicularly cross one 
another. The two-resonance antenna device 31 comprises the two-resonance antenna 
1 and the support member 33. Also, the base member 3, the ground conductor 5, the 
first antenna element 7 and the second antenna 9 have flexibilities. 

The support member 33 has rigidity and is made of non-conductive material 
(insulation material) such as resin or ceramic. The support member 33 is integrally 
formed of an upper end portion 35, an interconnecting portion 37 and a lower end 
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portion 39. Longitudinal axes of the upper end portion 35 and the lower end portion 
39 extend along the X-axis, and lateral axes of these components extend along the 
Y-axis. A distal end 35A of the upper end portion 35 is located on a -X side with 
respect to a distal end 39A of the lower end portion 39. A longitudinal axis of the 
interconnecting portion 37 extends along the Z-axis, and a lateral axis of this 
component extends along the Y-axis. One end of the interconnecting portion 37 is 
connected to a base end portion 35B of the upper end portion 35, and the other end of 
the interconnecting portion 37 is connected to a base end portion 39B of the lower end 
portion 39. 

A length of the base member 3 is set to equal a total length of the upper end 
portion 35, the interconnecting portion 37 and the lower end portion 39 of the support 
member 33. The base member 3 and the support member 33 are fixed to each other 
by means of a two-sided tape or adhesive. In a state of fixing the base member 3 to 
the support member 33, the base member 3 is disposed on an outside surface of the 
support member 33. The ground conductor 5, the first antenna element 7 and the 
second antenna element 9 are foldable depending on a folded status of the base 
member 3. Also, the base member 3 may be provided with rigidity and used as a 
support in place of the support member 33. 

The two-resonance antenna device 31 has advantageous features listed below. 
Even if displacement occurs in a relative position between the support member 
33 and the base member 3 at a time of applying the base member 3 on the support 
member 33, no changes occurs in the shape of the ground conductor 5, the shape of 
the first antenna element 7, the shape of the second antenna element 9, the relative 
position between the ground conductor 5 and the second antenna element 9 and the 
relative position between the first antenna element 7 and the second antenna element 



9. 
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A, occupied area of .he ,wo-,esonance antenna device 31 can be mining 
because the base membe, 3 is fonned on .he t bree-dimensio»al basis. 

The two-tesonanc. a„.enna device 3! is availabU .0 be piaced in a nanow 
space and .o ea* ob.ain two accura,e ,esona„, fluencies. A>so, mdiauon and 
^p, of t h,ee-dimens,ona, waves ^ be favombly accomplished because ,be base 
member 3 is formed on the three-dimensional basis. 

The two-resonance antenna device 3! can be eusi.y altered in shape by changmg 
reshape of me supporf member 33 withon, aKenng the shape of thebase member 3. 

By using an etching technique, the ground conduCo, 5, the ft,, antenna 
Cement 7 and the second antenna e.emen. 9 are fonned on me base member 3. 
before, the shapes and the position* of me respective conductive elements can be 
preci sCy maintained and each of me conductive Cements can be set ,0 have a width 
.ess man 1mm. U, addition, each of the conductive Cements can be free,, fonned m 
. desired shape, and improvement in mass productivity and reduCiou m 

manufacturing costs can be realized. 

The base membe, 3, the ground conductor 5, the firs, antenna Cement 7 and .he 

on .he support member 33. Therefore, the ,w„-,esonanc« an.enna device 31 can be 
easily handled and maintain the resonan, frequencies a, given values. 

,f ,he base membe, 3 is fixed on .he support membe, 33 such .ha. me surfaces 
on which me .espeCive conducive Cements a,e piaced is hCd in comae, with .he 
support membe, 33, ,he .espeCive conducive Cements become ha,d .0 be damaged 
because they do no, appea, on me surface of me lwo-,esonance an..»na dev.ee 31. 

., nna Hpv 4 ce 31 is reduced because the support 
A mass of the two-resonance antenna device 31 

membe, 33 is fonned 0, ,esin 0, cemmics. A.S0, the two-tcsonance antenna device 
31 can easiiy secure compact, with .he inverted* antenna of the ,Ca,ed an 
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because ft. two-resonance an.enna 3! is formeu in .he same shape as that of o 
invened-F antenna of the related ait. 

Since .he base member 3 is applied on.o .he surface of the support member 33, 
application work of me base member 3 can be easily performed and manufaauring 
work of me two-resonance antenna device 31 can be easily accomplished. 

If ,be sheath 18 of .he coaxial cable 11 is used .0 prevent me second an.enn. 
Cement 9 from direcrly contact .0 .be center conductor 13 or the outer conducror 15 of 
,be coaxial cnble 11, the two-resonance an.enna device 31 can be cons.ruc.e4 without 
separately preparing other members having insulating properties. 

Further, .be support member 33 and the base member 3 may be suitably altered 
in sbape. Also, .he ground conductor 5, .he ftrs, an.enna demon, 7 and .he second 

stapes. For example, the fwo-resonanco antenna device 31 may be formed by 

m ember 33 on .he base member which is formed in a shape conforming .0 that of .he 
sapport member. Moreover, in order to obrain more .ban three accurate resonan. 
fluencies, the base member 3 may he separately provided with rhe orher conducror 

m addition ,0 me ground conducror 5, the ft* antenna e.emen. 7 and the second 

antenna element 9. 

PIG ,2A is a view illustrating a first modified form of .he rwo-resonance 
antenna 1 of the present embodiment. A rw„,es„nance antenna 1A comprises .he 
base member 3, .he ground conducror 5, .he firs, antenna element 7, me second 
antenna elemen, 9 and an insulation layer 40. A difference between the 
lwo .,esonance antenna 1 and .he two-resonance antenna 1A reside, in strucrure m 
which a portion of a surface of the two-resonance antenna 1 A is covered with the thtn 
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particularly, the insulation layer 40 is covered over the base member 3, the first 
antenna element 7 except for the first connecting portion 7C, the second antenna 
element 9, and the ground conductor 5 except for the second connecting portion 5B. 
Also, the insulation layer 40 may be suffice to be covered over at least the first 
antenna element 7 except for the first connecting portion 7C, the second antenna 
element 9 and the ground conductor 5 except for the second connecting portion 5B. 

FIG 12B is a view illustrating a second modified form of the two-resonance 
antenna 1 of the present embodiment. A difference between the two-resonance 
antenna IB and the two-resonance antenna 1A resides in structure in which the first 
connecting portion 7C and the second connecting portion 5B are not located along the 
Y-axis, and both antennas are the same in other structure. Also, the first connecting 
portion 7C and the second connecting portion 5B are arranged in such a structure as a 
result of impedance adjustment made between the two-resonance antenna IB and the 
coaxial cable 11. 

The two-resonance antennas 1A, IB have advantageous features listed below. 
Due to provision of the insulation layer 40, the ground conductor 5, the first 
antenna element 7 and the second antenna element 9 become hard to be damaged. 

Painting the insulation layer 40 one color and the base member 3 another color 
allows the positions of the first connecting portion 7C and the second connecting 
portion 5B to be easily discriminated from each other. 

Upon provision of the insulation layer 40, since the two-resonance antennas 1A, 
IB can directly contact with the other members, no need arises where a separate 
insulation member is provided in a case where the two-resonance antennas 1A, IB are 
mounted in a radio communication apparatus. 

FIG 12C is a view illustrating a third modified form of the two-resonance 
antenna 1 of the present embodiment. A difference between the two-resonance 
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antenna 1C and the two-resonance antenna 1 resides in structure in which the ground 
conductor 5 has the same width as the first antenna element 7 and is located so as to 
extend along the X-axis from one end to the other end of the base member 3, and both 
antennas are entirely the same in other structure. 

The two-resonance antenna according to the present invention can be suitably 
altered without being limited by the various embodiments described above. 

There is no need for the ground conductor 5, the first antenna element 7 and the 
second antenna element 9 to be disposed on one surface of the base member 3, and 
second antenna element 9 may be located on a rear surface of the base member 3. 

The ground conductor 5 and the first antenna element 7 may be connected to 
each other so as not to form the slit portion 6 and, further, the second antenna element 
9 may not be disposed in the slit portion 6. That is, the second antenna element 9 
ma y be disposed on the base member 3 so as not to directly connect to the ground 
conductor 5 and the first antenna element 7 after the base member 3 is formed with the 
ground conductor 5 with a large surface area and then one end of the first antenna 
element 7 is connected to one end of the ground conductor 5. 

In place of the coaxial cable 11, a cable in which two lead wires extend in 
parallel to each other may be employed. 

It may be designed such that a plurality of antenna elements are additionally 
disposed on the surface of the base member 3 such that these additional antenna 
elements do not directly connect to the ground conductor 5, the first antenna element 7 
and the second antenna element 9, whereby the additional antenna elements resonate 
at more than two frequencies. 



(Second Embodiment) 

FIG 13 is a plan view of a two-resonance antenna 41. In the present 
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embodiment, a major axis and a minor axis of a base member 43 are assigned to an 
X-axis and a Y-axis, respectively, and the X-axis and the Y-axis perpendicularly cross 
each other. 

The two-resonance antenna 41 is a monopole antenna formed in a film shape 
and comprises the base member 43, a first antenna element 45, a second antenna 
element 47 and an impedance adjustment element 49. The base member 43 is 
formed of a rectangular thin plate with flexibility and is made of dielectric material 
such as resin of polyamide system. The first antenna element 45, the second antenna 
element 47 and the impedance adjustment element 49 are formed on a surface of the 
base member 43. 

The first antenna element 45 is a conductor formed in a strip shape with a first 
radiating portion 45A, a second radiating portion 45B and an interconnecting portion 
45C. The first radiating portion 45A is disposed along the X-axis. The second 
radiating portion 45B is disposed on a +Y side with respect to the first radiating 
portion 45A and along the X-axis. A distal end 45G of the second radiating portion 
45B terminates on a +X side with respect to a distal end 45F of the first radiating 
portion 45A. The interconnecting portion 45C is disposed along the Y-axis and 
provides electrical connection between a base end 45E of the first radiating portion 
45A and a base end portion 45D of the second radiating portion 45B. With such an 
arrangement, a slit portion 46 having an open at one end thereof is formed on the base 
member 43. 

The second antenna element 47 is formed in a strip shape. The second antenna 
element 47 is disposed in the slit portion 46 along the X-axis. A distal end 47A of 
the second antenna element 47 terminates on a +X side with respect to the distal end 
45F of the first radiating portion 45A and on a -X side with respect to the distal end 
45G of the second radiating portion 45B. 
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The impedance adjust. etemen. 49 is formed in a strip shape. The 
impedance adjustment elemen. 49 is disposed in the sli. potion 46 along .he X-axis 
and between ,he second radiating potion 45B of the firs, antenna element 45 and the 
second antenna elemen, 47. A distal end 49A of Una impedance adjnstnten. Cement 
4, renninates on a .X side with respec. ,0 ft. distal end 450 of the second radiatmg 
potion 45B of the firs, antenna element 45 and on a + X side with respec, to the drsta. 
end 47A of the second antenna demon, 47. A base end potion 49B of the 
impedance adjnstmen. eiemen, 49 terminates on .X Side with respec, ,0 a base end 
portion 47B of «h. second antenna elenaen, 47. Also, » impedance adjnstmen. 
element 49 may be looted on a rear surface of .he base member 43. 

The antenna elemems used by .he two-resonance an.enna 4! deaease in lenglh 
„ use order corresponding .0 ,he ft,, radia.i„g potion 45A of .he firs, an.enna 
Cement 45, the second antenna elemen, 47, the second radiating potion 45B of ,he 
fir , antenna element 45 and .he impedance adjustment elemen. 49. Here, it is note. 

impedance adjustment element 49 can be varied so as to adjust a resonance fluency 

of the two-resonance antenna 41. 

As shown in FIG 14, actual sizes of the antenna elements used in the present 
invention are as follows. Tne ftrs. radiating potion 45A of the firs, antenna element 
45 is a conductor having 1mm in width and 54mm in length. The second radiatmg 
potion 45B of the firs, an.enn, element 45 is a conductor having 1mm in width and 

• «^rt;rm ASP nf the first antenna element 45 is a 
20mm in length. The interconnecting potion 45C ot 

is a conductor having 1mm in width and 21 mm in length and is disposed in the s„t 
portion 46 a. about 7mm distance from the interconnect potion 45C of the first 
antenna elemen. 45. The impedance adjustment element 49 is a conductor havmg 
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1mm in width and 11mm in length and is disposed at about 7mm distance from the 
interconnecting portion 45C of the first antenna element 45. Here, it is noted that the 
impedance adjustment element 49 may be displaced in the direction of the X-axis with 
respect to the second antenna element 47 within the range of about 3mm. 

The coaxial cable 11 has the same structure as that of the coaxial cable 
employed in the first embodiment. Also, in place of the coaxial cable 11, a cable in 
which two lead wires extend in parallel to each other may be employed. 

As shown in FIG 13, a first connecting portion 51 is formed on a part of the 
second radiating portion 45B of the first antenna element 45 in order to electrically 
connect the first antenna element 45 to the center conductor 13 of the coaxial cable 11 
by direct-current electricity. A first contact portion 53 is formed on a part of the 
impedance adjustment element 49 in order to fix the impedance adjustment element 
49 to the covering material 15 of the coaxial cable 11 by contact or an adhesive. The 
impedance adjustment element 49 is isolated from the center conductor 13 and the 
outer conductor 17 of the coaxial cable 11 by the covering material 15 of the coaxial 
cable 11. A second connecting portion 55 is formed on a part of the second antenna 
element 47 in order to electrically connect the second antenna element 47 to the outer 
conductor 17 of the coaxial cable 11 by direct-current electricity. A second contact 
portion 57 is formed on a part of the first radiating portion 45A of the first antenna 
element 45 in order to fix the first antenna element 45 to the sheath 18 of the coaxial 
cable 11 by contact or an adhesive. The first radiating portion 45A is isolated from 
the center conductor 13 and the outer conductor 17 of the coaxial cable 11 by the 
sheath 18 of the coaxial cable 11. The first connecting portion 51, the second 
connecting portion 55, the first contact portion 53 and the second contact portion 57 
are located on a straight line along the Y-axis. 

The center conductor 13 exposed at a terminal portion of the coaxial cable 11 is 
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eom.ec.ed ,0 the W conning porrion 51 by so.dering. The center — r 13 
OTer ed with .he covering materia! 15 is fixed ,0 the ft* contact portion 53 by contact 
or an adhesive. Since the center conductor 13 is not dhedy connected to the 
penance adjustment Cement 49, no e.eclric current flows befwee. Ore impedance 
aojusl men. element 49 and the center conductor 13 even when applied w.m 
recurrent electrici.y. The outer conductor 17 exposed from the coaxial cubic U 
„ connected to the second connecting portion 55 by soldering. The outer conductor 

direct-current electricity. 

Tbe firs, antenna elemen, 45 is capaemvely coupled with the second »»..nna 
e,emen, 47 and the impedance adjustment elemeu. 49 via the base member 43. Th.s 
am ngemen, is e,uiva,en. to an anangemen. in which the A, antenna efemen. 45 ,3 
couuected ,0 the second antenna Cement 47 and the impedance adjustment element 49 
via a capacitor. Accordingly, if aUemaong-curren, CeCricity is applied to me center 

• i ow. 11 electric current flows between the first antenna 
conductor 13 of the coaxial cable 11, electric curren 

a t.nna element 47 and between the first antenna element 
element 45 and the second antenna element 4/ aim 

45 and the impedance adjustment element 49. 

Firs , resonance of .he two-resonance antenna 41 is geuera.ed by eiectric curren, 
di s.rib„,cd on .he ft* antenna efemen. 45. Second resonance of .he ,wo-reso„a„ce 
mt enna 41 is generated by eleohic curren, distributed on the second an.enna Cement 
47 Since me impedance adjustment Cement 49 se.es .0 adjust impedance be.ween 
* two-resonance an.enna 41 and .he coaxia, cabie 11 so as to decrease a vaiue of the 
VSWR a polity 0, band widths with a frermenc, in which the VSWR has a vaiue 
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less than "2" are secured. 

The two-resonance antenna 41 thus constructed has a VSWR characteristic 
shown in FIG 15 and a radiating characteristic shown in FIG 16A. 

A graph indicated by a broken line in FIG 15 represents the VSWR 
characteristic of the two-resonance antenna 1. A graph indicated by a solid line in 
FIG 15 represents the VSWR characteristic of the two-resonance antenna 41. In FIG 
15, there are two band widths appearing at two regions with a frequency in which the 
VSWR has a value less than "2". One of these regions lies in a value ranging from 
2.3GHz to 2.6GHz. The other of these regions lies in a value ranging from 4.5GHz 
to 5.9GHz. Accordingly, the band widths correspond to a range of approximately 
300MHz at 2GHz band and a range of approximately 1400MHz at 5GHz band. 

With the two-resonance antenna 1, the VSWR value exhibits the minimal value 
at a frequency of approximately 5.15GHz, and a frequency range (frequency band) in 
which the VSWR value is less than "2" lies between 5.1GHz and 5.2GHz. With the 
two-resonance antenna 41, the VSWR value exhibits the minimal values at 
frequencies of approximately 4.9GHz and 5.8GHz, and a frequency range in which 
the VSWR value is less than "2" lies between 4.5GHz and 5.9GHz, resulting in an 
increase in the frequency range in which the VSWR value is less than "2". Here, it is 
noted that the increase in the frequency range set forth above is based on one factor in 
which the above-described minimal values are close to each other. The 
two-resonance antenna 41 generates the resonant frequency in the vicinity of 2GHz 
substantially similar to that of the two-resonance antenna 1. 

As shown in FIG 16A, in 2GHz and 5GHz bands, the radiating characteristic of 
the two-resonance antenna 41 has vertical polarized waves forming main polarized 
waves with shapes nearly equal to circular configurations and has high-gain 
availabilities. Accordingly, the two-resonance antenna 41 has omnidirection and 
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«. two-rcnance —a « has advantageous features listed below. 
* « resonant » and .he second resonan, fluency can be freely se, 
t0 ^y va,nes, tespectively, because the « — — « " «** * 

„ reS onan. „ * r — - - — — — " °" ^ ' 
resonan, „ * « **- '° * "* 

0 ' he " to pedance adjusbnen, between *. resonance antenna « and the coaxial 
«* U can be easU, perfonned because the intpedance advent clenren, 4, can 
be .sposed - be .dependent .on, the « antenna — « and ,be second 
antenna element 47. 

^danca advent between the tw„_e antenna 41 and tbe coax,, 
U can be nasi,, performed because the M — * P-ion 5a, .be secon 

can be se, to respective positions independent from one another. 

Ue coaxia, cable 11 can be easily fixed .0 the two-resonance antenna 
..cause the firs, connect portion 51, the second connecting portion 55, the » 

baS e tnenrber 43. In addition, ,he coaxial cable 1. can be easil, «xed to *e 
„ance antenna 41 without bending because the f,,s, connecting portion 51, the 

portion 57 are linearly located. 

Th e antenna can be realised in a notorized and thin srtucture because the 

« end .hereo. on ,hc base tnenrber 43 and locating the tectangular second antenna 
dOT en, 47 and the rectangular intpedance advent e,e m en, 4, in the sH, pottion 
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dependent on the shape of the first antenna element 45. 

Hectic, capacitances between .he second antenna efenten. 4, and the ft* 

^thesecondantennae.entent^fsfon.edinane^a.edstafein^tan.taU, 

45A and the second radiating P o ni o»45B of Ute fits, antenna e.enten.45. 

Nois es occurring in the — antenna 4! ate absorbed by the outer 
ron duc,or 17 because the coaxia, cable « in which the outer conductor 17 is disposed 



antenna. 



A sitnpuftcation in an anteuna structure and reduction in manufachning cos, can 
be re a,iaed beeause the two-resonance antenna 41 is ntanufactured by formhtgthe first 
_ element 45, ,e second antenna e.emen, 4, and the impedance adjustment 

,he dielectric material of the polyamide system. 

A plura ,i, of resonant fluencies can he easdy genetated a. 50Ha band by 
_ of the two-reaonance antenna 4! because the — ance antenna 4, has a 
wld e band width a, 5GHz band, in addition, the — ance antenna 4! can 



antenna 1 



tpnn9 41 is aonlied to a notebook-sized PC as an 
When the two-resonance antenna 41 is appneu 

a „ for a wireless LAN compatible with two-frcuencies, the —ce 
notebook-siaed PC, and a support member (see FIOS. 17, 18, 19). 



resonance — « as a two-resonance — 4IA (see FIG 20, Mo, 

u 1 ton laver 59 covers the base member 43, the first antenna 
specifically, the insulation layer 5* cove 

si the second antenna element 4/ 
element 45 except for the first connecting portion 51, the seco 

»• nn^irHi 55 and the impedance adjustment element 
except for the second connecting portion 55 ana v 
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(Third Embodiment) 

Fia 21 is a p ta view of a ^- — «' > * ^ 
6 „ an* a* ana a mino, aais o £ a base membe, * a, -P- » - 

aad a V-.xi S , - - *- - * ^ Pe[PMd,C0,arly ^ 

each other. , 

6 „ - «*- - * - ^ e,eraenl 

a ,.w„t Also in place of the coaxial cable U, a cable in 
employed in the Bisl embodiment. Also, pi 

« .sonance of tbe _„ce antenna 6! is penned b y etecbic cmten, 
Abated on ,be fas, antenna element «. Second resonance of me ,_nce 
antenna « is penctated b y Cecttic cent disced on me second antenna element 

„ance — 61 .bus «— bas a VSWK *— * 
sh „w„in F .G22aad. ra dia,in g cbamc,eri Sl ic S bowninna23A. 

u i h«p in FIG 22 represents the VSWK 

A graph indicated by a broken line in F1U 

n ,P antenna 1 A graph indicated by a solid line in 

characteristic of the two-resonance antenna 1. f 
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22 .e^e.o^w^appeaH.—e^w.a^c.n* the 
2 20HI ,o 2 ,0H, * Cher - these - '» • - ^ *» *** 

the .wo— — >, * VSW, vaioe eihfb* the — • V* 

. , < 1 SfiHz and a frequency range (frequency band) m 
atafr equencyofap P rox im ately5,5GH Z ,and * 

which the VSWR value is less than "2" lies between 5.1GHz 5 

t . 61 the VSWR value exhibits the minimal values 
two-resonance antenna 61, the vow 

. w 7CHz and 5 3GHz, and a frequency range in which 
frequencies of approximately 4.7GHz and 5.30 

• , thsm "2" lies between 4.5GHz and 6.0GHz, resulting in an 
the VSWR value is less than 2 lies betw 

• v,,r-h the VSWR value is less than 2 . Here, it is 
increase in the frequency range in which the VSWR 

^ fc ^>««~---*-" ,,,< - , - fc ^; 

— — TheMo " eso : 

similar to that of the two-resonance antenna 1. 

As shown in FIG 23A, in 2GHz and 5GHz bands, the radiating characteristic of 
the resonance antenna « has vertica, poiariaed waves fomain* nrnin poUnaed 
_ with Shapes near,, .oa, ,0 — -P— - " 
av „ Accordingly, the —cc antenna of has electron and 
high . g ain avaiiabi.it, that arc desired characteristics of the antenna. 

_ of the — antenna « becnnse the hw„-_ — «- ^ 

, wi de hand width a, 5GHz hand, fn addition, the — ce antenna can 
g _ teareS o„a„,f,e q ne„c y n, 2 GHn hand as,, he case of the two-resonance 
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antenna 1. ' 

* * A1 k annlied to a notebook-sized PC as an 
When the two-resonance antenna 61 is applied to 

_ * a wire.ess LAN contpa* - — * ™^ 

PC, and a supper, ntetnber U*e the — — 1 of - 
first embodiment. 

ntpnna 61 has the substantially same features as those of 
The two-resonance antenna bl nas mo 

♦ i and further a thin insulation layer may be covered on a 
the two-resonance antenna 1 and, further, 



portion 



of the surface of the two-resonance antenna 1. 



(Fourth Embodiment) 

BG 24 is a plan view of a two—ce — «• * fc PreSel " 
m „ a axis ana a nunor axis of a base — « S3 are ass ig ned to an 
X-axis an, a Y-axis, rasped, and .he X-axis an, the Y-axis perpendicular,, cross 
each other. 

ne „ance antenna 81 and the —nee an.enna 4, of .he second 
M ,„„a eletne, * see footed on a rear surface of .he base tnenrbe, S3 and second 

thl „„gh-ho,e 93, ana are entirely identical in other structure. 

T,e tnrougn-holc 93 is forced a, a centra, area of the base mender 83. Under 

» jk !« fonned on a front surface of the base 
a condition where a first antenna element 85 is formed 

u mP nt 89 is formed on the rear surface of the base 
member 83 and the first antenna element 89 as torme 

inamu ,»a 11 ypoin.sy mm e,rywi,hrcsp e Co.e, h ,ou sW olc93. Under,— 
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member 83 and the second antenna dement 91 is fanned on .he rear surface of .he 
base member 83, .he second an.enna e.emen. 87 and me second an.enna elemen. 91 
are loca.ed in a mutually poin. symmetry with respect to the through-hole 93. 

The cen.er condudor of .he coaxial cable is electrically connected ,o a second 
radiating porta 85B of me frs. an,.nna elemen. 85 through a firs, connecing 
portion by direct-curten. electricity. The outer conductor of the coaxial cab.e is 
electric* connected to the second antenna elemen. 87 through a second connecting 
portion by direCcurren, electricity. The sheath of .he coaxial cable is fixed to a firs, 
radiating portion 85A of me firs, antenna elemen. 85 through a contact portion by 
comae, or an adhesive. The firs, radiating portion 85A is isoiated from the center 
conductor and the outer conductor of the coaxia! cable by the sheath of .he coaxial 
cable. The outer conductor of the coaxial cable is electrically connected to the 
second antenna Cement 91 through the second connecting portion, the second antenna 
Cement 87 and the through-hoie 93. Since me coaxia! cable is connected to only the 
front surface of the base member 83, the firs. an.enna elemen. 89 is isolated from the 
center conductor and the outer conductor of the coaxial cable. 

The coaxial cable has the same structure as .ha, of the coaxial cable employed 
„ ,he firs, embodiment. Also, in place of the coaxial cable, a cable in which two 
lead wires extend in parallel to each other may be used. 

By adjusting the firs, antenna elements 85, 89 and the second antenna elements 
87, 91 in shape and siae so as ,0 allow a mutually positional relationship ,0 remain in a 
suitable status, the two-resonance an.enna 81 genera.es four resonant frequencies. 
For example, if .he firs. an.enna elemen. 85 and the second an.enna elemen, 87 are 
disposed on the front surface of the base member 83 and me firs, an.enna Clemen. 89 
and the second antenna elemen. 91 are disposed on .he rear surface of the base 
member 83 so as .0 rib. •» resonan, frequencies and .he Cher .wo resonan. 
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fences ,o be generated a. 20Hz band and 5GHz band, respective,,, .be resonan. 
fluencies are generated in a wide range a, 20Hz and 5GHz band, by using only one 

two-resonance antenna 81. 

Here, .he firs, antenna elemerrt 85 and the first antenna element 89 do no. need 
t0 be identical in shape. Similarly, the second antenna clemen. 87 and me second 
antemra clement 91 do not need to be identical in shape. 

When .he two-resonancc antenna 81 is applied .0 a notebook-sized PC as an 
ante-ma for a wireless LAN compatible with two-frcquencies, me two-resonance 
antenna 81 can be insulted on an LCD section and a comer portion of a casing of me 
notebook-sized PC, and a support member like .he two-resonance antenna 1 of .be 
first embodiment. 

The two-resonance antenna 81 has the substantially same features as those of 
the two-resonance antenna 1 and, further, a portion of the surface of the two-resonance 
antenna 81 can be covered with a thin insulation layer. 

Industrial Applicability 

Amplification in an antenna structure and reduction in manufacluring cos. can 
be realized because .he antenna of .he presen. invention can be place* in a narrow 
space and easily ob.aln a plurality of accurate resonant fluencies each which 
belongs to a separate frequency band. 



